In a double-blind study, seven Macacafascicularis monkeys receiving intrathecal (i.t.) morphine in saline, 0.07 mg kg" 1 , were compared with a control group of four monkeys receiving either lumbar puncture alone(n = 1) or i.t. saline (n = 3). Neither morphine nor saline solutions contained preservatives. Arterial blood gas tensions, respiration, arterial pressure, e.c.g., state of consciousness and motor function were recorded for 24 h. The control group was sacrificed 42 days later and the study group was sacrificed at 6 (n = 2) or 42 days (n = 5) after injection. The central nervous system, meninges, nerve roots and dorsal root ganglia were examined macroscopically and microscopically. Respiratory depression did not occur in either the control or the study groups. There were moderate but statistically significant decreases in systolic and diastolic arterial pressures following i.t. morphine. In both groups, the pathological finding* were localized to the cauda equina region and characterized by mononuclear cell infiltration. In neither group was there evidence of demyelination, arachnoiditis or necrosis. Focal endoneurial fibrosis was found in only one animal in the control group following multiple lumbar punctures associated with paraesthesia. The features appeared to correlate with the physical trauma associated with lumbar puncture rather than with the injectate.
on cardiovascular and respiratory function and to examine possible chronic deleterious effects on the nervous system.
METHODS
Eleven monkeys (Macaca fascicularis), mean weight 5.4±0.7(SEM)kg, were studied. The control group consisted of four monkeys: one received lumbar puncture without any drug and three were injected i.t. with normal saline. All were sacrificed 42 days after lumbar puncture. The study group of seven monkeys received morphine sulphate in normal saline i.t.; two of these were sacrificed 6 days later and five 42 days later.
The investigators were unaware of the nature of the injectate until 5 days after the study, while the neuropathologist was not informed of the treatment and the sacrifice interval until the end of the study.
The morphine powder without a preservative (Mallinkrodt Chemical Company) was dissolved in preservative-free normal saline to produce a final concentration of morphine sulphate 2mgml~1. The solution was filtered through a 0.22-um filter, packed in aliquots of 1 ml in sterile vials, autoclaved at 120 °C for 15min and then stored in a refrigerator. To prepare the saline vials, sterile 0.9% sodium chloride solution without a preservative was repacked under aseptic technique, autoclaved and refrigerated. Each vial contained 1 ml of solution.
To increase the chance of detecting a toxic reaction to morphine, the dose selected was five times the human therapeutic dose, 0.014 mg kg "', recommended by Wang, Nauss and Thomas (1979) . Therefore, the i.t. dose of morphine in this study was 0.07mgkg~' (0.035mlkg~'). To compensate for the deadspace in the needle used for lumbar puncture, 0.05 ml of the solution was added to the calculated volume of the injectate.
Experimental procedure. The monkeys, which had been in quarantine, were fasted overnight and the next morning weighed and injected with ketamine lOmgkg" 1 i.m. A peripheral venous cannula and a femoral arterial catheter were inserted. When the monkey showed signs of recovery from anaesthesia, it was placed in a primate chair (Plas-Labs, Inc., Lansing, MI) and the study commenced 6 h after ketamine injection. During this period e.c.g. leads were attached, and arterial pressure was recorded continuously via a pressure transducer (Statham T23-ID, Gould, Inc.) with an eight-channel Grass polygraph (MP-7, Grass, Inc., Quincy, MA). Arterial blood-gas tensions and pH were measured intermittently using a trielectrode blood-gas analyser (model 165, Corning). Respiratory rates were obtained by visual inspection of chest movements over 1-min periods.
The degree of consciousness was scored arbitrarily using the following point system: 3 = alert, eyes open and appropriate response to threats and surrounding activity; 2 = sleepy, but can be aroused by gentle stimulation; 1 = sleepy, aroused only with painful stimuli; and 0 = comatose, cannot be aroused. By attempting to pull each of the animal's four limbs, the motor function was scored using the following point system: 2 = normal motor power; 1 = paresis, but still pulled back with moderate force; and 0 = paralysis, no motor power.
Beginning 6h after ketamine injection, baseline measurements were made at 60, 30 and 5min before lumbar puncture. Lumbar puncture without barbotage was performed with the monkey in the sitting position using a 22-gauge hypodermic needle under aseptic conditions. Following verification of successful lumbar puncture by withdrawal of blood-free cerebrospinal fluid (c.s.f.), the unknown solution was injected and the needle withdrawn. Thereafter, all indices were recorded at 30 and 60 min, hourly for the next 5 h and every 2 h up to 24 h. The data were compared using Student's t test with a minimum P value of 0.05 for statistical significance.
Histopathological analysis of the nervous system.
On the day of sacrifice, each monkey was anaesthetized with i.m. ketamine hydrochloride lOmgkg" 1 ; the trachea was intubated and the lungs were ventilated mechanically with a positive end-expiratory pressure of 5cmH 2 O. Thoracotomy was performed at the fourth intercostal space, the left ventricle was perfused with 500 ml of Karnovsky's solution (4% paraformaldehyde, 5% glutaraldehyde in Millonig's phosphate buffer at pH7.4) to sacrifice the animal and simultaneously fix the tissues. Brain, spinal cord, dorsal root ganglia and a 1-2 cm portion of dorsal and ventral roots including dura and arachnoid were removed and immersed in Karnovsky's solution for 7-10 days.
The brain of each monkey was weighed. Gross examination of coronal sections of the brain at 0.8-cm intervals, transverse sections of the brain stem and cerebellum at 0.5-cm intervals and crosssections of spinal cord at 0.5-cm intervals were made carefully. Representative blocks were submitted for paraffin embedding and histological processing for light microscopic examination. Tissue blocks adequately fixed were available for ultrastructural study. Histological sections 5-8 urn thick were stained with haematoxylin and eosin and Masson's trichrome for light microscopic study of any evidence of inflammatory reaction, cellular proliferation, necrosis, fibrosis or demyelination. The examined regions included sections of the basal ganglia, thalamus, hypothalamus, hippocampus, midbrain, pons, medulla, cerebellum and spinal cord at the cervical, thoracic, lumbar and sacral levels, in addition to sections of the dorsal root ganglia and nerve roots of the cauda equina.
RESULTS
Preinjection respiration rate in morphine-and saline-injected monkeys was about 30b.p.m. resulting in Pa^ about 12kPa and P&<x> i about 4kPa ( fig. 1 ). Injection of morphine or saline did not result in any significant changes between groups or within groups before and after injection.
Significant differences in systolic and diastolic arterial pressures were observed between morphine-and saline-injected monkeys ( fig. 2) . In both groups, systolic arterial pressure was in the range of 110-120 mm Hg and diastolic pressure in the range 80-90 mm Hg at a heart rate of approximately 200 b.p.m. After injection of saline, systolic arterial pressure increased from 120 to 140 mm Hg approximately, but gradually returned towards control within 8h. In the morphine-injected monkeys, systolic arterial pressure decreased from preinjection values of approximately 115mmHg to 95mmHg. Systolic arterial pressures in morphine-injected monkeys were significantly less than the preinjection values and less than salinetreated controls during the first 16 h after injection. Diastolic pressure was not significantly altered after injection in the control group. In the morphine-injected group, the diastolic pressure was lower than in the period before injection. It was also lower than in the control group during the first 16 h after injection. The heart rates were not significantly different before or after injection or when comparing the two groups.
In the morphine-injected group, the consciousness score was reduced to 2 in six of seven monkeys during the period between the 2nd and 4th h after injection. Before and after this period in the morphine group, and throughout the study in the saline group, the consciousness score was 3. None of the monkeys vomited or showed paresis or paralysis. All the animals were normally active without any gross neurological deficit until the time of sacrifice. The specific gravity of the monkeys' c.s.f. was 1.008 ± 0.0007 gmP 1 and those of the morphine sulphate solution and normal saline, 1.0068±0.0003gml"'and 1.0066±0.0003gml"', respectively, using gravimetric procedures dt 24 °C.
Neuropathological findings. In morphineinjected monkeys, no gross or microscopic lesion was found in three of five animals sacrificed 42 days after injection (table I) . The other four animals injected with morphine (two sacrificed after 2 days and two after 42 days) showed minimal reaction in the form of occasional mononuclear cell infiltration surrounding the blood vessels in the leptomeninges, nerve roots or dorsal root ganglia of the cauda equina ( fig. 3) . None of the animals injected with morphine showed demyelination, necrosis, vascular changes or fibrosis. All the animals in the control group injected with normal saline showed mononuclear cell infiltration similar to the four monkeys in the morphine-injected group. However, one monkey in the control group, having had multiple lumbar puncture attempts associated with paraesthesia, showed focal endoneurial fibrosis in the nerve roots and extensive mononuclear cell reaction in the cauda equina region (fig. 4) . The extent of the pathological findings appeared to correlate with the physical trauma induced by the lumbar puncture rather than with the injectate (table I) .
DISCUSSION
The sedation and decrease in arterial pressure following i.t. injection of morphine were indicative of the pharmacological activity of the drug. We do not know if the sedation was the result of the drug reaching the reticular formation of the brain stem directly through the c.s.f. or indirectly via the blood stream.
The increase in arterial pressure in the control group following lumbar puncture was probably a result of excitement initiated by the manipulations. This increase was contrasted by a decrease in the arterial pressure in the study group. The decreases in systolic and diastolic pressures associated with i.t. morphine could have been a result of a direct effect on the vasomotor centre, a vasodilator effect on the blood vessels, histamine release or orthostatic hypotension (Jaffe and Martin, 1980) . In other reports (Liolios and Anderson, 1979; Baskoff, Watson and Muldoon, 1980; Davies, Tolhurst-Cleaver and James, 1980; Winnie, 1980) , hypotension was associated with respiratory depression and bradycardia about 6-12 h after i.t. injection indicating direct depression of the cardiovascular centres. In contrast, the decrease in arterial pressure in our study was moderate, early in onset, and associated with neither respiratory depression nor bradycardia.
Acute cardiovascular and respiratory depression following i.t. morphine in man is a rare but serious complication Liolios and Anderson, 1979; Baskoff, Watson and Muldoon, 1980; Davies, Tolhurst-Cleaver and James, 1980; Murphy, 1980) . Most of these subjects had received excessive doses of i.t. morphine (10-15 mg), were elderly (60 yr or more), had received i.t. morphine and parenteral narcotics or i.t. local anaesthetic drugs, and underwent abdominal or thoracic surgery.
The absence of respiratory depression in our study could be attributed to species differences, the use of preservative-free morphine and saline (Craig and Habib, 1977) , the absence of other medications such as narcotics or local anaesthetics, and the relatively smaller dose of morphine compared with some other reports (Liolios and Anderson, 1979; Baskoff, Watson and Muldoon, 1980) . Until more data are available from studies in man, the dose of i.t. morphine should not exceed 1 mg, the patient should be observed closely for 24 h in a recovery room, and the means of supporting the circulation and respiration, including naloxone, should be readily available.
No consistent deleterious effect of morphine on nervous tissue was found. Trauma was the primary cause in producing the pathological findings; manual dexterity is extremely important when performing lumbar puncture.
